The equilibrium uptake q e (mg/g) was evaluated using Eq. 
Heterogeneous Fenton oxidation regeneration 137
The regeneration of the saturated sorbent in the bed was carried out by injecting an aqueous 138 solution of H 2 O 2 at a flow rate of 1 mL/min for 2 h, which triggered a Fenton-like oxidation 139 reaction and the oxidation of the sorbed contaminants. The bed was then washed with distilled 140 water, before the next loading cycle of a DC solution (27 mg/L) was flowed through the 141 regenerated-bed column (1.1 bed depth) at a flow rate of 1 mL/min. After loading to the 142 breakthrough point reaching saturation, the regeneration procedure was repeated as explained 143 above. 144
Characterization of SBC@β-FeOOH and formation mechanism 146

Fig. 1 147
The XRD patterns of the primitive SBC powder (trace a), the parallel β-FeOOH 148 nanoparticles (trace b) and the SBC@β-FeOOH samples (trace c) are presented in Fig. 1,  149 respectively. The broad diffraction peak around 2θ = 20° ( The formation of the β-FeOOH nanoparticles on the structure of SBC@β-FeOOH composites 160 was further investigated by SEM analysis. Fig. 2a displays the morphology of the naked SBC 161 powder, which has irregular shape with a large amount of pores on the surface. At higher 162 magnification (Fig. 2b) , the SBC abundant cavities with diverse diameters pervaded 163 homogeneously on the surface of SBC, which contributed to the relatively large specific surface 164 area of the SBC@β-FeOOH composites. Furthermore, the inset image in the bottom right corner 165 of Fig. 2b demonstrated the longitudinal cross-section of the pores exhibiting a distinct tubulartopographical surface of the SBC@β-FeOOH composite. The surface of the SBC was covered by 168 small β-FeOOH nanoparticles, however, the porous structure of the parent SBC was maintained, 169 which should favour the adsorption of contaminants. The occurrence of choked phenomenon for a 170 few pore channels, in comparison with the original SBC substrate, provided assertive evidence 171 that the β-FeOOH nanoparticles were anchored onto the surface of the SBC scaffold. Further, the 172 absence of scattering particles around the composite material implied a strong adhesion between 173 the SBC scaffold and the β-FeOOH nanoparticles. The higher magnification image in Fig. 2d  174 shows β-FeOOH nanoparticle with an ellipsoidal morphology and smooth surface, resembling a 175 1D nanorods, 70-120 nm in width and 300-400 nm in length. 176
Fig. 3 177
The elemental composition of the composite was investigated by two-dimensional X-ray 178 mapping of selected SBC@β-FeOOH zones (Fig. 3a) . EDS analysis of SBC@β-FeOOH (the inset 179 in the bottom left corner of Fig. 3a) showed that C, O, and Fe were the main elemental 180 constituents, confirming the purity of the composite. The clear C, O and Fe elemental mapping 181 images of SBC@β-FeOOH ( Fig. 3b-d in depth, operated at a flow rate of 1 mL/min and pH 6. These results are summarized in Table 1 . 220
The breakthrough curves were sharper at higher DC concentration, which suggested a relatively 221 smaller depth of the mass-transfer zone and that intraparticle diffusion of the DC controlled the 222 adsorption process. Equal observations have been reported for the biosorption of Cr (III) by olive 223 stones [38] and in the removal of methylene blue by rice husk [39] . In addition, since the total 224 amount of DC adsorbed decreased with increasing concentrations of DC in the influent, the 225 diffusion process was concentration dependent. 226
The rate of accumulation of DC in the fixed-bed column is a function of the total mass of 227 sorbent in the column. Fig. 4b show that the breakthrough time increased as the SBC@β-FeOOH 228 bed depth varied from 0.7 to 1.5 cm, at a flow rate of 1.0 mL/min, an influent DC concentration of 229 27 mg/L and pH 6. The EBCT increased from 0.198 to 0.424 min as the bed depth was increased, 230 which implies that the DC molecules could diffuse more effectively into the pore structure of the 231 SBC@β-FeOOH with increased bed-depths. In this case, the mass-transfer zone formed moves 232 further down the bed when bed depth increases, allowing a more effective contact between DC the 233 the bed depth increased, which implies a broadening of the mass transfer zone. Obviously, the 235 highest adsorption capacity occurred at the highest bed depth, since the total surface area of the 236 adsorbent increased [40] [41] [42] . 237
The breakthrough curves of DC at various flow rates from 1.0 to 3.0 mL/min with a bed 238 depth of 1.1 cm, pH 6 and an initial DC concentration of 27 mg/L are shown in Fig. 4c Additionally, increasing the flow rate increases the rate of external mass transfer film thickness 246 and resistance decreased by, leading to a higher overall mass transfer coefficient and adsorbate 247 fluxes [43] . 248
Effect of pH 249
The pH is an important factor that affects the sorption capacity of the sorbent. The pH has a 250 significant effect of on the prevalent adsorption mechanisms and reflects the nature of the In addition, as pH decreased, the breakthrough curves shifted to longer times removing more DC 257 molecules. DC is an amphoteric molecule with multiple ionizable functional groups such as amino, 258 phenol and alcohol at various pH values and has three pK a values (3.5, 7.7 and 9.5), thus its 259 predominant species are cation (DC + ) (below pH 3.5), due to the protonation of 260 dimethyl-ammonium group, zwitterion (DC 0 ) (between pH 3.4 and 7.7), when the proton of 261 phenolic diketone moiety is lost, and anion (DC -and DC 2-, respectively, above pH 7.7 and 9.5), 262
resulting from the loss of protons from the phenolic diketone moiety and tri-carbonyl system. For 263
SBC@β-FeOOH, a low pH increased protonation, and this contributed to the diffusion of DC into 264 the pores and generated a great deal of active sites on the surface of adsorbents [45] . Thus the 265 increased adsorption capacity of DC at acidic condition results from the cationic character of DC 266
[46]. DC 0 becomes predominant between pH 4 and 6, which decreases the electrostatic interatction 267 with the sorbent and, therefore, the adsorption of DC through the surface of the SBC@β-FeOOH 268 resulted in a shorter breakthrough time. When the pH is above 9, DC 0 begins to transform into 269 DC -and DC 2-. The decreased adsorption of DC results from the ionization of the surface 270 oxygenated groups of the SBC at more alkaline pH, which results in higher negative surface 271 charge density. Thus repulsive electrostatic forces can occur between the adsorbent and the DC 272 molecules [47] . In brief, the anionic character of DC at higher pH and the adsorption performance 273 of the bed decrease very rapidly with the pH increase. On the other hand, the lower adsorption 274 amounts under alkaline conditions may result from the weak interaction of cation-π bonding and Table 1  277 The design and scale-up of fixed-bed adsorption columns requires the evaluation of the 279 breakthrough curves of the effluent. Among many mathematical models that have been proposed 280 for the design of fixed-bed adsorption systems, in this study we used the Thomas [49] and 281
Yoon-Nelson [50] models, which are among the most widely and common methods. 282
Thomas model 283
The Thomas model estimates the dependence of solute concentration with time, in a fixed 284 bed column, when internal and external mass transfer limitations are insignificant and in the 285 absence of axial dispersion. The model has the following form: 286
where k T is the Thomas rate constant (mL/min mg), m is the mass of adsorbent (g), q 0 is the 288 equilibrium uptake capacity (mg/g) and Q is the flow rate (mL/min). C 0 and C t are influent and the 289 effluent concentrations (mg/L) of DC at any time t (min). 290
The adsorption capacity of the bed q 0 and the adsorption kinetic constant k T were determined 291 from a plot of ln[(C 0 /C t ] against t at constant flow rate. The consistency of the experimental and 292 predicted breakthrough curves of DC in the SBC@β-FeOOH fixed-bed columns was found to be 293 satisfactory. A linear regression analysis of the experimental data and Eq. (6) were used to 294 calculate the model parameters shown in Table 2 capacity is directly proportional to the contact time. Thus, lower initial concentration, lower flow 307 rate, and higher bed heights increase the rate of adsorption of DC in the SBC@β-FeOOH column. 308
Yoon-Nelson model 309
The Yoon-Nelson model is based on the assumption that the probability of adsorption onto 310 the sorbent decreases as the fraction of solute being adsorbed decreases and as breakthrough is 311 approached. The equation regarding to a single component system is expressed as: 312
where k Y is the adsorption rate constant (min 
